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g
There are two possible approaches to applying ion implan-
tation to the modification of the corrosion behavior of metals

and alloys. The first approach is to use ion implantation to

produce mctastable or amorphous corrosion-resistant surface
alloys that are inaccessible by conventional metallurgical

techniques, and to apply them to specific applications where

corrosion is a severe problem. Secondly, and of a more funda-
mental nature, ion implantation can be used to introduce con- |
trolled amounts of various elements into the surface of a metal
as part of a research effort to identify the mechanisms responsi-
ble for certain forms of general and localized corrosion. The

technique of alloying to produce more corrosion resistant materials

is widely used and the choice of a particular alloying element 1is
usually based on the fact that it will enhance the formation of a

passive film or will reduce the rate of the various cathodic pro-

cesses that occur on the metal's surface. It is also possible to
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reduce the overall corrosion rate by introducing an element that
displays rapid cathodic kinetics, but it is essential chat the
original material passivate in the corrosive environment that is
being considered.

Aqueous corrosion proceeds through an electrochemical mech-
anism and there are various types of clectrochemical techniques
used to cvaluate the corrosion resistance of alloys. Linear
polarization and Tafel rcgion extrapolation have been used to
cvaluate binary Fe-P'b and Fe-Ti surface alloys formed by ion
implantation. The instantancous corrosion rate of the Fe-Pb
alloys in 0.1 N sto4 was approximately 3 to 4 times lower than
that of pure iron. The reason for this is a decrease in the
hydrogen exchange current density caused by the presence of the
lead, which 1s a poisor for the hydrogen covolution reaction.

The corresion rate of the Fe-Ti alloys was approximately twc
times highoer than that of iron. Auger analysis of the Fe-Ti
alloy before exposure to the acid solution indicated that TicC

was in the reaion about 4.5 to 34 nm from the surface. SEM

analysis followinag the clectrochemical tests revealed the presence

of square flat-bottomed pits, a morphology which is usually
assoclated with inclusion e¢tch pits. Thus, it is proposed that
the square pits may have been formed as TiC precipitates were
ctched from tho sample surface.

The i1molantation of zirconium into iron reduces the
corrogsion rate by an order of magnitude by enhancing the rate
of passivation in a 1 N 1,50, solution. The corrosion rate is

still considerably higher, however, than that observed for an
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amorphous FeQOZr10 coating even though the near-surface concen-
tration of Zr in the implanted sample was estimated to be 20 to
30 atomic percent.

The implantation of Ti into 52100 steel results in the
formation of an amorphous Ti-Fe-C surface, which provides
modest improvements in corrosion resistance in 1 N HZSO4 and
0.1 N NaCl. The anodic current density in both solutions is
about 10% that of unimplanted 52100 steel, up to an anodic ovecr-
potential of about 800 mV. Pitting, which is initiated at low
overpotentials, leads to undermining of the implanted layver and
its eventual peeling off at higher potentials. Detailed optical
and surface analytical studies show that the pitting initiates
at surface flaws, which are most likely surface carbides or oxide
inclusions. Galvanic action between frece Ti benecath the pitted
amorphous film and Fe in the bulk steel thus leads to undermining
of the amorphous lavyer.

The effect of the implantation of various ions on the pit-
ting corrosion resistance of 52100 steel in a 0.01M NaCl solution
has been investigated. Molybdenum implantation provided very
little improvements; however, a combination of both chromium
and molybdenum significantly increased the breakdown potential
for initiation of pitting corrosion. Finally, tantalum implantation
proved to be the most effective in protecting the surface of the

52100 from pitting corrosion.

*
Present Address: Naval Rescarch Laboratory, Code 6675, Washinqgton,

D.C. 20375
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TABLE 1, - Corrosion rates, expressed in mils/vear, in 0.1 N H,SO_
for several different metals and i1on-implanted allovs
using two different test methods;_$§?el extrapolation

and three-point linear polarization

Test Fe Fe-Pb Pb Fe-Ti Ti
metl.od _
Tafel
extrapolation..| 5022 1242 0.42£0.19 96+22 0.69+0.04
Linear
polarization...| 32%9 16410 H 55247 0.98:£0.52

1could not measure corrosion rate due to cathodic Tafel slope being
indeterminate.

139 |




140

T R
1N H,S0,
+1000 [—
S
E
I
= °r
2
w
o~
@)
a
OCV ~~
—1000 }—
, | l 1 1
LOG I
FIGURE 1. Idealized potentiodynamic polarization gean (current v




w

S

(aalisod) cipouy
mo..g

10~

jeijusiod
uoIS0JI0D N

200~

(eaneBeu) opoyied

Joiaeyeq
|eljuswyadxy

”
”
”
”~
7 ioaeyeq
” [eonesoey]

—

A "IWVIIN310d

zZ Iwhvig

141

-




*OEBD JWaU[TUOU 8Yyj UT 3AJND |

*6A g oy} Jo edoys eyy Butulwleqsp JoJ suweuw B opraodd 09 pusTAwp

SBM poyjew uOl3B2Tuwlod JBOUTT qulod-@edyy 8yl ‘oL PTIOS 8y3 £q

LAOYS S% JIBIUTTUOU 918 4500 4NQ *SOAIND I *sa § Jwauf] Av1dsip swaqshs

FUBBUOCITAUS /TBYSW swog O] ©ATd 03 (SoAdInd g *SA ] 3o wodj puncyj)

sodols uoTdsd TajJu] oyj 09 Pe3IBIed 5q UBD SUT] s1y3 Jo adotrs ayy

*eand1) sTY} ul pejeIysnIlT S8 *OF CodJ Aw 0z ¥ Jo e3usx ® a0J Aqlsusp

juUaaand y3Im A[Iwaull seTdvA TBIJUs0d 18yg3 uor3dunsss syy uj €911
‘edoum}sIsex uoTyszTawlod Jo ‘uoTiw2lIeTod awouT] JoJ sTseq oy

*9381 UOTSOII0D J0 *°] KTSUSD qUSIIND UOTEOIJIOD
oy3 pus °3 TeIqusjod UOTEOLI0D 8yy 8JB YoTyMm Jo §63BUTPIOOD oYy
‘uo1qoasaajur Jo quted ® s9AT8 suotdea 1s3®] oYz Jo uotymTOdBIIXY
*TeT3uajod (31noaro-usdo o3e}s-ApEags) 00U oYy JO SpTS DTPOY3®O
8Yy3 uo suo pue dIpousB SY} U0 BUO ‘(suoldeda Ta8Jvl) suocrjdod aeauly

omy sey A7TBI9UsE aAIns SuTqinsed ay3 ‘Terquesod syduss oyjy 4suleds
pa3301d sT A3Tsuep jualano psansesw 8y} Jo aniwa ajniosqE 8yy Jo
wy3TIe30T 8y} udYM ‘EjEp [BPUelTJIadXe UO peseq SUOT4}BINOTEO SaJTnbau
193987 8y} seatoym A{Tmolyduid 21wl UOTSCJIOS BYY} SAUTUISLAP JoWJQ]
8yl ruoljezraerod Jesull julod-ssayy pue vor,ulodeigXe UOISed TaJe]
3JaM S§99BI UOTSOJIJIOD JUTUTWISYSP JOJ P3sn Spoyj3all [EOTWAYO0IFOaTd OM] * 7 Fun91d

- - ——

uot3ided axnbig

142




CURRENT DENSITY, A/cm?
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POLARIZATION, V versus N-HE.

Current density as a function of sample potential for Fe, Ft,
and Fe implanted with 30 keV Pb' such that the final retained
doce was 1.6 x 1010 atoms/em?. The potential is shown as volts
from the steady-vtate open-circuit potential. The dashed lines
represent. the extrapolation from the Tafel region of each curve.

143




|

144

10

10~

1 rlllﬂl R RERI

I

10-*

1 lell

10-*

CURRENT DENSITY, A/cm?

LR lll”]

1

10

} T_iﬂnl

|

10-*

1

111111

1 llllJJl

1

llll

. 1+ 1 1 | 1 1 1 1 1

-0.07

FIGURE 4

-0.05 -0.03 -001 0 0.01 0.03 0.05 0.07

POLARIZATION, V versus N.H.E.

Current density as a function of sample potential for Fe, Ti.
and Fe %mplanted with 50 keV Tit to a total retained dese of

7 x 101 atomQ/cm » with the potential shown as volts from the
SSOC potential.
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Idealized potentiodynamic polarization scans (current veo

voltage characterictic) for a ferrous alloy in & tuffersi

pd 6 solution at room temperature. The upper cet of ~urves

demonstrate the effect of adding C17 icns tc the solutinon,
Ey defines the pitting potential where a sharp increfice in

current results when pits form on the surface. The lcwer oo

of curves demonstrate the desired resu't cf ion irmpluntati-
i.e., force the pitting potential toward higher values.
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9. Potentiodynamic anodic polarization data produced in buffer solution of pH6 containi

0,014 Na
1ona/cm2
(2 x 10
iona/cm?

Cl for 52100 steel, and for 52100 steel implanted with molybdenus (3.5 x 101
;. chromium (2 x 101 fons/ce? at 150 keV), chrorium plus molybdenum

Cr/cm? at 150 keV, 3.5 x 1016 Mo/cm? at 100 keV), and tantalum (1 x 1017
at 150 keV), The curves indicate ithat tantalum was most effective in

protecting the surface from pjtting corrosion.
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